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Description 

The present invention generally relates to com- 
puter aided drafting (CAD) systems and, more par- 
ticularly, to a procedure which permits the addition 
of dimensions to three dimensional (3D) computer 
models without the necessity of two models and 
also permits automatic documentation. 

It is now possible to build solid models of parts 
in a general purpose computer. These models can 
be used to calculate properties of the parts, such 
as center of gravity and moments of inertia. They 
can also be used to test for interference between 
parts. Parts which are defined in a solid modeling 
system are not completely designed for manufac- 
ture until one adds dimensions and tolerances to 
the model. These dimensions and tolerances are 
traditionally included on the drawing of the part. 

From COMPUTER, vol. 15, no. 11, November 
1982, pages 35-47, a computer aided drafting 
method for adding dimension and tolerance param- 
eters to the representation of a three dimensional 
object being modelled in a computer is known. If a 
person indicates the line segments or points asso- 
ciated with the required dimensions, then the en- 
gineering drawing derived by projection from the 
geometric model can be produced, with appro- 
priate dimensioning data attached at appropriate 
location, by the computer. 

Current practice is to make projections of the 
solid model and send these to a two dimensional 
(2D) drafting system, where dimensions and toler- 
ances are added and a complete engineering draw- 
ing is produced. The major problem with this ap- 
proach is that there are two models, the 3D solid 
model and the 2D drawing model. When numerous 
changes are in progress, it is difficult to keep these 
two models consistent. Therefore, it would be de- 
sirable to be able to add the dimensions and toler- 
ances to the solid model and have only one model. 

Some tolerances, such as geometric forms, are 
parts of leaders and others are parts of dimensions 
on the drawing. In addition, there are usually de- 
fault linear and angular tolerances in the title block 
of the drawing. If a dimension is shown on the 
drawing without a tolerance and is not declared 
basic or reference, then the appropriate title block 
tolerance applies. Since so many people are famil- 
iar with these conventions, it is desirable that a 
solid modeling system be consistent with them. 
Therefore, leaders and dimensions which can be 
applied to solid models are needed. 

It is therefore an object of this invention as 
claimed to provide a 3D dimensioning procedure 
for CAD systems in which there is but one model, 
the 3D solid model, and wherein dimensions and 
tolerances are added to the solid model. 



It is another object of the invention as claimed 
to provide a 3D dimensioning procedure for CAD 
systems that automatically supplies correct 2D 
leaders and dimensions when the solid model is 
5 viewed so as to produce a drawing. 

This object of the invention is accomplished by 
the features of claim 1. Further advantages of the 
invention are characterized in the subclaims. 

The foregoing and other objects, aspects and 
ro advantages of the invention will be better under- 
stood from the following detailed description of a 
preferred embodiment of the invention with refer- 
ence to the drawings, in which: 

Figures 1A to 1F are illustrations taken from a 
75 drafting textbook illustrating various possible di- 
mensioning of an isometric view; 
Rgures 2A and 2B are illustrations taken from a 
drafting textbook illustrating problems in dimen- 
sioning a complex isometric view; 
20 Figures 3 and 4 are illustrations taken from a 
drafting textbook showing typical dimensioned 
axonometric views from which a student is to 
draw conventional plan views; 
Figure 5 is a plan view of a solid model showing 
25 the use of baseline or datum dimensions; 

Figure 6 is an axonometric view of the solid 
model shown in plan view in Figure 5 showing 
that the use of baseline or datum dimensions 
can be misleading; 
30 Rgures 7 and 8 are axonometric views of the 
solid model shown in plan view in Figure 5 
illustrating the dimensioning process according 
to the present invention; 

Rgure 9 is an axonometric view of a solid model 
35 showing how angular dimensioning is handled 
by the present invention; 
Rgures 10A and 10B, taken together, are a flow 
chart of the procedure according to the inven- 
tion; 

40 Rgures 1 1 A, 1 1 B and 1 1 C, taken together, are a 
flow chart of the generalization of details accord- 
ing to the invention; 

Rgure 12 is vector drawing in three dimensional 
space which illustrates the operations according 
45 to the procedure of the present invention; 

Rgure 1 3 is a flow chart showing the procedure 
called from the flow chart of Rgures 10A and 
10B; and 

Rgures 14 and 15 are axonometric views of 
so solid models dimensioned according to the pro- 
cedure of the present invention. 
In order to better understand the invention, it is 
necessary to briefly review the conventions cur- 
rently observed in dimensioning axonometric views 
55 of solid models. A solid model can be viewed so as 
to produce a standard drawing view, i.e. a principal, 
cross section, auxilliary or detail view, in which 
case it is desirable for the dimensions to follow the 
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standards for dimensions on a drawing as set forth, 
for example, in "Dimensioning and Tolerancing", 
American National Standard Y14.5 from American 
Society of Mechanical Engineers, 345 East 47th 
Street New York, NY 10017. A solid model also 
can be viewed so as to produce any axonometric, 
e.g. isometric, view but these views in traditional 
drawings are not often dimensioned. 

In drafting textbooks, there are often a few 
pages devoted to describing dimensioning ax- 
onometric projections. Basically, conventional di- 
mensions are used, but they are skewed to be 
parallel with the axes of the part. As one example, 
Figures 1 A to 1 F taken from the textbook Technical 
Drawing by F. E. Giesecke, A. Mitchell and H. C. 
Spencer, published by The Macmillan Co. of New 
York, show that dimensions should be drawn in the 
planes to which they apply. There are new pitfalls 
as shown in Figure 2B where the 3 1/8 dimension 
is incorrect because the dimension line and dimen- 
sioned points are not coplanar in 3D space. 

The greatest usage of dimensions on ax- 
onometric views seems to be found also in drafting 
textbooks. The author of a textbook may present 
the reader a dimensioned axonometric view and 
ask the reader to draw a conventional view. Such 
an example illustrates additional evidence of the 
increased difficulty of dimensioning in axonometric 
views. For example, in Figure 3 from the Giesecke 
et al textbook it can be seen that additional con- 
struction lines have been added to permit the use 
of conventional dimensions. In Figure 4, it will be 
observed that the 5 3/4 dimension is from a plane 
to an edge. This is confusing and would be trouble- 
some to implement in a computerized system. 
These examples demonstrate that conventional di- 
mensioning is not general enough to handle ax- 
onometric cases conventionally. 

There are additional problems introduced when 
one wishes to dimension a 3D model because the 
model and its associated dimensions can be view- 
ed from any angle. The first problem occurs with 
baseline or datum dimensions. Baseline dimen- 
sions can be used as shown on the bottom of 
Figure 5. If the viewpoint is rotated and the dimen- 
sions are restricted to be in a single plane, the 
dimensions may appear as shown at the bottom of 
Figure 6. very misleading since the left extension 
lines of the two longer dimensions are pointing to 
incorrect vertices. 

A second problem occurs even in individual 
dimensions in this situation. In Figure 5, there are 
vertices directly behind one another, and the user 
does not care which one is used. However, when 
the part is viewed as in Figure 6, it does make a 
difference. If a convention is adopted that the di- 
mension will be in a plane through the first vertex 
and parallel to the plane of the paper of Figure 5, 



then we may get dimensions as shown at the top 
of Rgure 6. On a crowded drawing, these could be 
easily misinterpreted. 

The solution to the first problem is to general- 

5 ize the conventional 2D dimensions to 3D dimen- 
sions. For a linear 3D dimension, we will permit an 
extension line to be broken and to extend out of 
the plane of the conventional 2D dimension as 
shown in Rgure 7. Note that the baseline dimen- 

w sions are now pointing to correct vertices and, if 
viewed along the indicated normal viewing direc- 
tion, wilt appear as in Rgure 5. 

this has also improved the second problem, 
because the non-baseline dimensions now also 

75 point to the correct vertices and, if viewed along 
the indicated normal viewing direction, will appear 
as in Rgure 5. If the user entered the dimensions 
on the view of Rgure 7, he would probably do a 
neater job, such as shown in Rgure 8. A dimension 

20 in Rgure 7 can be changed to its representation in 
Rgure 8 by moving one or both extension lines to 
another vertex, which is equivalent along the nor- 
mal viewing direction. The complete solution then 
involves a program that can find these equivalent 

25 vertices so the system can build dimensions with- 
out broken extension lines when possible. 

Similar problems exist for an angular dimen- 
sion, as shown in Rgure 9. There are cases, such 
as shown in Rgure 9, where the lines to be dimen- 

30 sioned are not in the same plane (the box has been 
rotated about the dashed line 30 degrees up from 
the plane on which the prism rests). The broken 
extension line helps to relate the dimension to the 
upper extension line in the figure. A variation of this 

35 would be to draw the dimension on another plane 
parallel to the one shown in which case two broken 
extension lines may be required. 

Having described the invention in general 
terms, reference is now made to Rgures 10A and 

40 10B which show a detailed flow chart of the proce- 
dure according to the invention. To begin the pro- 
cedure, the local coordinate system u.v.w is ori- 
ented so that the w direction gives the desired 
normal for dimensions and u is in the desired 

45 direction as indicated in function block 110. A test 
is then made in decision block 1 1 1 to determine if 
a linear dimension is being entered. Assuming for 
the time being that a linear dimension is being 
entered, the user specifies two vertices on the 

so object (or, as will be discussed subsequently, 
edges, circles and arcs) as indicated in function 
block 112. In function block 113, the first vertex 
and the w direction determine the plane of the 
dimension. A test is next made in decision block 

55 114 to determine if the second vertex is in the 
plane of the dimension. If not, a test is next made 
in decision block 115 to determine if the display is 
being created for a drawing as opposed to the 

3 
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model. If so, then a call is made in function block 
116 to the procedure in Rgure 11, described in 
more detail hereinafter. At this point, the vertices 
may be changed from those that the user entered. 
A test is next made in decision block 117 to 
determine if the second vertex is in the plane of 
the dimension. If so, control passes to function 
block 118 which is the same result that would 
obtain if the test in decision block 114 had been 
positive. Otherwise, control passes to function 
block 119. and this is the-same result that would 
obtain if the test in decision block 115 had been 
negative. 

In function block 118, the second extension line 
is drawn in the plane of the dimension. In function 
block 119, a break is made in the second extension 
line. After the procedures of function blocks 1 1 8 or 
119 have been performed, control passes to func- 
tion block 120 where the first extension line, di- 
mension line, arrowheads, and text are drawn in the 
plane of the dimension. 

Returning to decision block 111, if a linear 
dimension is not being entered, then a test is made 
in decision block 121 to determine if the dimension 
being entered is an angular or curve dimension 
such as shown in Rgure 9. If so, the dimension line 
will be on a cylinder whose axis is parallel to the 
direction w. In function block 122, the dimensioned 
edges are projected onto the uv plane. The point at 
which the extensions of these projections cross is 
also on the axis of the cylinder. The user supplied 
level determines the radius of the cylinder. Next, in 
function block 1 23, the point at which an extension 
of the first dimensioned edge intersects the cyl- 
inder is found. The plane of the dimension will pass 
through that point and will be perpendicular to the 
w axis. In function block 124, the first extension line 
is drawn parallel to the first dimension edge, then 
the dimension line, arrowheads and text are drawn 
in the dimension plane. A test is then made in 
decision block 125 to determine if the intersection 
of an extension of the second dimension line and 
the cylinder is in the dimension plane. If it is, a 
second extension line is built parallel to the second 
edge in function block 126 and the procedure exits. 
Otherwise, a second extension line is built parallel 
to the second edge with a break parallel to w half 
way between the arrow end of the line and the 
vertex, as indicated in function block 127 and, 
again, the procedure exits. 

Assuming now that the test in decision block 
121 is negative, then the dimension is assumed to 
be a radius or diameter dimension as indicated in 
function block 128. This type of dimension is drawn 
in function block 128 with no breaks and the proce- 
dure exits. 

The function referenced in block 116 in Rgure 
10A will now be treated in greater detail. The 



purpose of the procedure according to the present 
invention is to identify vertices which will permit 
dimensions such as those of Rgure 7 to be con- 
verted to those of Rgure 8 automatically. At the 

5 time dimensions are entered a vector, W, such as 
the normal line of Rgure 7 is defined in 3D by the 
user. Each dimension then entered must lie on a 
plane perpendicular to this vector. The first dimen- 
sion vertex selected by the user determines that 

w plane for that dimension. Therefore, in Rgure 7, the 
broken extension line is associated with the second 
vertex selected. In order to put each dimension into 
a plane, for dimension I the first extension line 
must be moved, for dimension II the second exten- 

75 sion line must be moved, and for dimension III 
both extension lines must be moved. 

Referring now to Rgures 11 A, 11B and 11C, a 
generalized procedure is shown for determining 
whether a broken extension line is required for the 

20 second end of a dimension. The procedure begins 
with decision block 130 which determines whether 
the second end of the dimension is an edge. If not, 
a reference is made through the vertices of the 
model in function block 131 and, in decision block 

25 1 32, a determination is made as to whether vertex 
B at the second end of the dimension projects onto 
the model vertex R. More specifically, if R is trans- 
formed into the coordinate system of the dimen- 
- sion, u, v and w, and it differs from B in only its w 

30 coordinate, then R projects into B. There should be 
a tolerance on this test for numerical noises , 
which can be 10" 10 for a system with a precision of 
12 digits or more. Then R = B if 

35 |R A - B A j < e for A = u.v 

Assuming that the test in decision block 132 is 
positive, a decision is next made in decision block 
133 to determine if R is in the plane of the first end 
40 of the dimension. Points A and R are on the same 
w plane if 

Aw = R w or 
(A-R)w<6. 

45 

Assuming that R is found to be in the plane of the 
first end of the dimension, the procedure jumps to 
Rgure 11C where in function block 134 the second 
end of the dimension is re-referenced so that a 

so broken extension line is not required. The proce- 
dure then exits. 

Returning to decision block 133, if a determina- 
tion is made that R is not in the plane of the first 
end of the dimension, then if not a baseline dimen- 

55 sion, R is put on the vertex list in function block 
135. This point in the procedure is the same as 
would obtain if the test in decision block 132 is 
negative. A test is then made in decision block 1 36 
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as to whether all vertices have been tested. If not, 
the procedure returns to function block 131; other- 
wise, a test is made in decision block 137 as to 
whether the dimension is a baseline dimension. If it 
is, a broken extension line is required as indicated 
in function block 138. At this point, the procedure 
exits. If the dimension is not a baseline dimension, 
the procedure jumps to Figure 1 1 B which will be 
described in more detail hereinafter. 

Returning now to decision block 130, assume 
now that the test is positive; i.e., the second end of 
the dimension is at an edge. In this case, a search 
is made through the edges of the model in function 
block 139 and, in decision block 140, a test is 
made to determine if the edge MN is equivalent to 
the second edge CO. In addition to the linear 
dimensions which are referenced to vertices, it is 
possibleJo define a linear dimension to an edge. A 
normal dimension can be perpendicular to an edge. 
In this case, the edge is straight and in the plane of 
that end of the dimension. Assume a normal di- 
mension which references edge CD at vertex C 
and CD is straight. Then, for an edge MN to be 
equivalent to CD, 1) either M or N must project 
onto C and 2) if it is M that projects onto C, then 
MN must have the same direction as CD, or if it is 
N that projects onto C, then NM must have the 
same direction as CD. An edge PQ has the same 
direction as CD if the dot product of their vectors is 
unity when each vector has unit magnitude: 

jPQ CD - ij < € for jPQj = 1 = jCDj 

If an end of a linear dimension is to a circle, it 
is actually referenced to an edge which approxi- 
mates that circle in a faceted solid modeling sys- 
tem. Edges which approximate a circle are tagged 
as curved edges. When a linear dimension referen- 
ces edge CD and CD is curved, then for an edge 
MN to be equivalent to CD, MN must be from a 
circle which has the same radius and center, ex- 
cept for a difference in w. The most common case 
is moving a dimension from one end of a cylinder 
to the other. In this case, we can look for an 
equivalent edge, MN, to be one in which M pro- 
jects onto C and N onto D or vice versa. 

If the test is decision block 140 is positive, then 
a test is made in decision block 141 to determine if 
the edge MN is in the plane of the first end. This is 
true if both vertices A and B are in the plane of the 
first end. If it is, the procedure jumps to Figure 11C 
and function block 134; otherwise, if the dimension 
is not a baseline dimension, the edge MN is put on 
the edge list as indicated in function block 142. 
The procedure is now at the same point that would 
obtain if the test in decision block 140 were nega- 
tive. At this point, a test is made in decision block 
143 to determine if all the edges have been tested. 



If not, the procedure returns to function block 139; 
otherewise, the procedure goes to decision block 
137. 

At this point reference is made to Figure 11B 

5 where the procedure continues. A test is first made 
in decision block 144 to determine if the first end 
of the dimension is on an edge. If not, a search is 
made through the vertices of the model in function 
block 145 and then, in decision block 146, a deter- 

ro mination is made as to whether the vertex at the 
first end of the dimension projects onto the model 
vertex R. If so, a test is made in decision block 147 
to determine if R is in the plane of the second end 
of the dimension. If this test is positive, then the 

is procedure jumps to Figure 11C where, in function 
block 148, the first end of the dimension is re- 
referenced and, as noted in fucntion block 149, a 
broken extension line is not required. At this point, 
the procedure exits. 

20 Returning to decision block 147, if R is not in 
the plane of the second end of the dimension, then 
a test is made in decision block 1 50 to determine if 
R is in the plane of a vertex or edge in the list. If 
so, the procedure jumps to function block 151 in 

25 Rgure 1 1 C where both ends of the dimension are 
re-referenced, and then the procedure goes to 
function block 149. 

On the other hand, if the test in decision block 
1 50 is negative, the procedure arrives at the same 

30 point that would obtain if the test in decision block 
1 46 were negative. A test is next made in decision 
block 152 to determine if all the vertices have been 
tested and, if not, the procedure returns to function 
block 145; otherwise, the procedure goes to func- 

35 tion block 153 where a broken extension line is 
required. At this point, the procedure exits. 

Returning to decision block 1 44, if the first end 
of the dimension is on an edge, then a search is 
made through the edges of the model in function 

40 block 154 and, in decision block 155, a test is 
made to determine if the model edge MN is equiv- 
alent to the first edge. If it is, then a test is made in 
decision block 156 to determine if edge MN is in 
the plane of the second end of the dimension. If it 

45 is, the procedure jumps to function block 148 in 
Rgure 11C; otherwise, a test is made in decision 
block 157 to determine if edge MN is in the plane 
of a vertex or edge on the list. If it is, the procedure 
jumps to function block 151 in Rgure 11C; other- 

50 wise, a test is made in decision block 158 to 
determine if all the edges have been tested. If not, 
the procedure returns to function block 154; other- 
wise, then to function block 153 from which the 
procedure exits. 

55 In the case of baseline dimensions, the proce- 
dure according to the invention finds the plane 
through the first vertex and perpendicular to a unit 
vector, w, and checks to see if the other end of 
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each dimension can be moved to an equivalent 
vertex on that plane. For non-baseline dimensions, 
the procedure projects vertices of a given dimen- 
sion onto other planes perpendicular to the vector, 
w, and tests to see if vertices exist for both ends of 
the dimension in those positions on any plane. An 
alternate method for handling the non-baseline 
case is to 1) find the plane through the first vertex 
and perpendicular to the vector, w, (if it exists) and 
see if the other end of the dimension can be 
moved to an equivalent vertex, 2) repeat for the 
second vertex, and 3) for each plane perpendicular 
to the vector, w, (except those already tested) see 
if vertices exist for both ends of the dimension. 

Variations from the general solution presented 
are possible. For example, the code would run 
faster if the user handled some of the exceptional 
cases manually. One option is to have the system 
try to project the second end of the dimension into 
the plane of the first and vice versa but not to try to 
project both ends into a third plane. Another option 
is to restrict the search to planes which exist in the 
model. This is described in Rgures 12 and 13. 

Figure 12 helps to visualize these operations. 
In Figure 12, the vector, w, is in the plane of the 
paper and is a unit vector. Let A be a vertex 
referenced by the dimension in question and O be 
the origin of the coordinate system. Then the inner 
product of vector A and unit vector w is m t the 
length of vector L, the projection of A onto w. 

m = Aw 

The head of vector L is in the plane containing A 
and perpendicular to w. This plane has a normal 
equal to v and its d value equals m, so we can find 
if it exists in the model. This method also can be 
used to find the plane containing the other vertex 
of the dimension which is perpendicular to w, if it 
exists. 

Now, let us deal with an arbitrary plane, Q, 
which is perpendicular to the vector, w. Let P be 
the plane through the origin which is perpendicular 
to w. If K is the projection of A onto P in the 
direction of w, then the signed length A-K is equal 
to that of L, namely m. The point K is then found 
as 

K = A - mw. 

If the origin is projected onto Q along w, the 
projection is dw, where d is the constant term in 
the definition of the plane Q. If J is the projection of 
A onto Q along the direction of W, then 

J = K + dw, 

and substituting for K from above, 



J = A + (d-m)w. 

To check for the equality of J with a vertex S on Q t 

5 we use a tolerance, t, to allow for numerical inac- 
curacies. If jj r - S r j £ t for r = x.y.z, then J = S. 
The algorithm incorporating these tests is shown in 
Figure 13 for a non-baseline dimension which re- 
ferences vertices A and B. This procedure is called 

io from function block 116 in Figure 10A. 

With reference to Figure 13, the first thing that 
is done is to calculate the values of m for the 
vertices A and B as indicated by function block 
160. Then, in decision block 161, a test is made to 

rs determine if there is a plane, Q, in the model which 
is perpendicular to the vector, w. Assuming initially 
that the test in decision block is positive, the vertex 
A is projected onto plane Q to produce J as 
indicated in function block 162. This is followed by 

20 a test in decision block 163 o determine if J is 
equal to a vertex on plane Q. If it is not, control 
returns to decision block 161; otherwise, a vertex 
has been found on plane Q and so vertex B is next 
projected onto plane Q to produce H as indicated 

25 in function block 164. This in turn is followed by a 
test in decision block 165 to determine if H is equal 
to a vertex in plane Q. If it is not, control returns to 
decision block 161; otherwise, vertices A and B are 
referenced to J and H in plane Q, and the proce- 

30 dure exists. Returning briefly to decision block 161, 
if there is no plane Q in the model which is 
perpendicular to the vector, w, then the procedure 
exits. 

The foregoing procedure makes it easy for the 
35 user to put dimensions in the planes of the object 
as shown in Figure 1. The 3 1/8 dimension of 
Figure 2 will become a 3D dimension with a broken 
extension line. Figure 14 shows how 3D dimen- 
sions can be used to avoid the extra construction 
40 lines of Figure 3, and Figure 15 shows that 3D 
dimensions can be used to avoid referencing linear 
dimensions to edges and surfaces as was done in 
Figure 4. It should be noted that there is a default 
position for the break in the extension lines so that 
45 the procedure for the entry of the dimension is 
unchanged by the fact that a 3D dimension may 
result. 

3D dimensions solve the baseline problem of 
Figure 6 for both linear and angular dimensions, 
so The procedure described solves the problem of 
superimposed vertices for linear dimensions. There 
is a corresponding problem of superimposed 
edges for angular dimensions which can be solved 
in a similar way. 

55 
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Claims 

1. A computer aided drafting method for adding 
dimension and tolerance parameters to the re- 
presentation of a three dimensional object be- 
ing modelled in a computer, 

said method being characterized 
in that said dimension and tolerance param- 
eters are added to a three dimensional solid 
model of the object, whereby changes effected 
on the three dimensional model are reflected 
in the dimension and tolerance information 
automatically attached on the two-dimensional 
views of the object supplied by the system 
and by comprising the steps of 
obtaining (112) two user specified parameters 
on the object the first of which, together with a 
locally specified coordinate system, deter- 
mines (113) the plane of a dimension, said 
parameters being a vertex, an edge, an arc or 
a circle; 

if the second of said two parameters is in the 
plane of said dimension, drawing (118) an ex- 
tension line from said second parameter in 
said plane and then drawing (120) an extension 
line from said first parameter, a dimension line 
with arrowheads and dimension text in said 
plane between said extension lines; but 
if said second parameter is not in said plane, 
drawing (119) an extension line from said sec- 
ond parameter with a dogleg break and then 
drawing (120) an extension line from said first 
parameter a dimension line with arrowheads 
and dimension text in said plane between said 
extension lines. 

2. The method according to claim 1 , wherein said 
two user specified parameters are two user 
specified vertices. 

3. The computer aided drafting method according 
to claim 2 in the case where said second 
vertex is not in said plane and it is determined 
that the dimension is being created for a draw- 
ing as opposed to the model further compris- 
ing for baseline dimensions the steps of: 

finding the plane through the first vertex of 
said two vertices and perpendicular to a unit 
vector, w, and determining if the other end of 
the dimension can be moved to an equivalent 
vertex on that plane; 

and if so, determining (117) if the equiv- 
alent vertex is in the plane of the dimension, 
and if so drawing (118) an extension line from 
said equivalent vertex and then drawing (120) 
an extension line from said first vertex, a di- 
mension line with arrowheads and dimension 
text between said extension lines, otherwise, 



drawing (119) an extension line from said sec- 
ond vertex with a dogleg break and then draw- 
ing (120) an extension line from said first ver- 
tex and a dimension line with arrowheads and 
5 dimension text between said extension lines. 

4. The computer aided drafting method according 
to claim 3 in the case where said second 
vertex is not in said plane and it is determined 

10 that the dimension is being created for a draw- 

ing as opposed to the model further compris- 
ing for non-baseline dimensions the steps of: 

determining if said vertices project parallel 
to said unit vector, w, onto other equivalent 

75 vertices in the model; 

and determining if equivalent vertices exist 
for both ends of the dimension in those posi- 
tions on the same plane perpendicular to w; 
and if so, determining (117) if the second 

20 vertex is in the plane of the dimension, and if 
so drawing (118) an extension line from said 
equivalent vertex and then drawing (120) an 
extension line from said first vertex and a 
dimension line with arrowheads and dimension 

25 text between said extension lines, otherwise, 

drawing (119) an extension line from said sec- 
ond vertex with a dogleg break and then draw- 
ing (120) an extension line from said first ver- 
tex and a dimension line with arrowheads and 

30 dimension text between said extension lines. 

5. The computer aided drafting method according 
to claim 3 in the case where said second 
vertex is not in said plane and it is determined 

35 that the dimension is being created for a draw- 

ing as opposed to the model further compris- 
ing for non-baseline dimensions the steps of: 

projecting said vertices onto other planes 
perpendicular to said unit vector, w, and deter- 
40 mining if vertices exist for both ends of the 

dimension in those positions on any plane;.. 

and if so, determining (117) if the second 
vertex is in the plane of the dimension, and if 
so drawing (118) an extension line from said 
45 equivalent vertex and then drawing (120) an 

extension line from said first vertex and a 
dimension line with arrowheads and dimension 
text between said extension lines, otherwise, 
drawing (119) an extension line from said see- 
so ond vertex with a dogleg break and then draw- 
ing (120) an extension line from said first ver- 
tex and a dimension line with arrowheads and 
dimension text between said extension lines. 

55 6. The computer aided drafting method according 
to claim 3 in the case where said second 
vertex is not in said plane and it is determined 
that the dimension is being created for a draw- 
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ing as opposed to the model futher comprising 
for non-baseline dimensions the steps of: 

finding the plane through the first vertex 
and perpendicular to said unit vector, w, and 
determining if the other end of the dimension s 
can be moved to an equivalent vertex; 

finding the plane through the second ver- 
tex and perpendicular to said unit vector, w, 
and determining if the other end of the dimen- 
sion can be moved to an equivalent vertex; io 

for each plane perpendicular to said unit 
vector, w, determining if vertices exist for both 
ends of the dimension and selecting one of 
planes satisfying this criteria; 

determining if the equivalent vertices are 75 
in the plane of the dimension, and if so, draw- 
ing extension lines from said equivalent ver- 
tices and then drawing a dimension line with 
arrowheads and dimension text between said 
extension lines, otherwise, drawing extension 20 
lines from said vertices with dogleg breaks and 
then drawing a dimension line with arrowheads 
and dimension text between said extension 
lines. 

25 

7. The computer aided drafting method according 
to claim 2 for nonlinear dimensions further 
comprising the steps of: 

determining (121) if the dimension is an 
angular or a curve dimension and, if so, projec- 30 
ting (122) edges to be dimensioned onto a 
plane of the local coordinate system; 

finding (1 23) a point at which an extension 
of a first dimensioned edge intersects a cyl- 
inder whose axis is perpendicular to said 35 
plane; 

drawing (124) a first extension line parallel 
to said first dimensioned edge, and drawing a 
dimension line with arrowheads and dimension 
text in the dimension plane; 40 

determining (125) if the intersection of an 
extension of the second dimension line and the 
cylinder is in the dimension plane, and if so, 
drawing (126) a second extension line parallel 
to the second edge to be dimensioned, other- 45 
wise, drawing (127) a second extension line 
parallel to said second edge but with a dogleg 
break perpendicular to said plane of said local 
coordinate system half way between the arrow 
end of the line, near the vertex. so 

Patentansprtiche 

1. Computerunterstutztes Entwurfsverfahren, mit 

dem die Darstellung eines dreidimensionalen 55 
Computermodells eines Objektes urn MaB- und 
Toleranzparameter erganzt wird, wobei dieses 
Verfahren dadurch charakterisiert ist, daB die 



MaB- und Toleranzparameter zu einem dreidi- 
mensionalen raumlichen Model! des Objektes 
hinzugefOgt werden, wobei bei Anderungen 
des dreidimensionaien Model Is die MaB- und 
Toleranzinformationen, die automatisch in die 
vom System erzeugten zweidimensionalen An- 
sichten des Gegenstandes eingetragen wer- 
den, angepaBt werden, 
und das die Schritte umfaBt, 
daB es zwei vom Benutzer angegebene Para- 
meter auf dem Objekt entgegennimmt (112), 
deren erster zusammen mit einem lokal festge- 
legten Koordinatensystem die Ebene einer 
MaBeintragung festlegt (113), wobei diese Pa- 
rameter Eckpunkte, Kanten, Kreisbogen oder 
Kreise sein kSnnen; 

dafi es, wenn der zweite der beiden Parameter 
auf der Ebene der MaBeintragung liegt, eine 
MaBhilfslinie von dem zweiten Parameter aus 
in diese Ebene zeichnet (118) und anschlie- 
Send eine MaBhilfslinie, die vom ersten Para- 
meter ausgeht, sowie eine MaBlinie mit MaB- 
pfeilen und MaBtext zwischen den MaBhilfsli- 
nien in diese Ebene eintragt (120); 
daB es aber, 

wenn der zweite Parameter nicht in dieser 
Ebene liegt, ausgehend vom zweiten Parame- 
ter eine gebrochene MaBhilfslinie zeichnet 

(119) und anschlieBend eine MaBhilfslinie, die 
vom ersten Parameter ausgeht, sowie eine 
MaBlinie mit MaBpfeilen und MaBtext zwischen 
den MaBhilfslinien in diese Ebene eintragt 

(120) . 

2. Verfahren gemaB Anspruch 1, wobei die vom 
Benutzer angegebenen Parameter vom Benut- 
zer angegebene Eckpunkte sind. 

3. Computerunterstutztes Entwurfsverfahren ge- 
maB Anspruch 2, das dann, wenn der zweite 
Eckpunkt nicht in der betreffenden Ebene liegt 
und wenn festgelegt wird, daB die MaBeintra- 
gung fur eine Zeichnung und nicht fur das 
Modell erzeugt wird, bei BasismaBeintragun- 
gen zusatzlich folgende Schritte umfaBt: 
Ermittlung der Ebene, die durch den ersten 
der zwei Eckpunkte geht und senkrecht zu 
einem Einheitsvektor w stent, und Oberpru- 
fung, ob das andere Ende der MaBeintragung 
zu einem aquivalenten Eckpunkt auf dieser 
Ebene verschoben werden kann; 

im positiven Fall die Uberpriifung, ob der aqui- 
valente Eckpunkt in der Ebene der MaBeintra- 
gung liegt (117) und, wenn das der Fall ist, die 
Eintragung einer MaBhilfslinie von dem betref- 
fenden aquivalenten Eckpunkt aus (118) sowie 
anschlieBend die Eintragung einer MaBhilfsli- 
nie, die vom ersten Eckpunkt ausgeht, und 
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einer MaBlinie mit MaBpfeilen und Text zwi- 
schen den MaBhilfslinien (120), bzw. anderen- 
falls die Eintragung einer gebrochenen MaB- 
hilfslinie von dem zweiten Eckpunkt aus (119) 
sowie anschlieBend die Eintragung einer MaB- s 
hilfslinie, die vom ersten Eckpunkt ausgeht, 
und einer MaBlinie mit MaBpfeilen und Text 
(120) zwischen den Mafihilfslinien. 

Computerunterstutztes Entwurfsverfahren ge- to 
maB Anspruch 3, das dann, wenn der zweite 
Eckpunkt nicht in der betreffenden Ebene liegt 
und wenn festgelegt wird, daB die MaBeintra- 
gung fur eine Zeichnung und nicht fur das 
Modell erzeugt wird. bei MaBeintragungen, die 75 
keine BasismaBeintragungen sind, zusatzlich 
folgende Schritte umfaBt: 
die Oberprufung, ob die besagten Eckpunkte 
sich parallel zu dem Einheitsvektor w auf ande- 
re aquivalente Eckpunkte des Model Is projizie- 20 
ren lassen; 

die Oberprufung, ob aquivalente Eckpunkte fur 
beide Enden der MaBeintragung an diesen Po- 
sitioner! auf derselben zu w senkrechten Ebene 
existieren; 25 
im positiven Fail die Oberprufung. ob der zwei- 
te Eckpunkt in der Ebene der MaBeintragung 
liegt (117) und, wenn das der Fall ist f die 
Eintragung einer MaBhilfslinie von dem betref- 
fenden aquivalenten Eckpunkt aus (118) sowie 30 
anschlieBend die Eintragung einer MaBhilfsli- 
nie, die vom ersten Eckpunkt ausgeht, und 
einer MaBlinie mit MaBpfeilen und Text zwi- 
schen den MaBhilfslinien (120), bzw. anderen- 
falls die Eintragung einer gebrochenen MaB- 35 
hilfslinie von dem zweiten Eckpunkt aus (119) 
sowie anschlieBend die Eintragung einer MaB- 
hilfslinie, die vom ersten Eckpunkt ausgeht, 
und einer MaBlinie mit MaBpfeilen und Text 
(120) zwischen den MaBhilfslinien. 40 

Das computerunterstutzte Entwurfsverfahren 
gemaB Anspruch 3, das dann, wenn der zweite 
Eckpunkt nicht in der betreffenden Ebene liegt 
und wenn festgelegt wird, dafi die MaBeintra- 45 
gung fur eine Zeichnung und nicht fur das 
Modell erzeugt wird, bei MaBeintragungen, die 
keine BasismaBeintragungen sind, zusatzlich 
folgende Schritte umfaBt: 

die Projektion der Eckpunkte auf andere zum so 
Einheitsvektor w senkrechte Ebenen, und die 
Oberprufung, ob auf irgendeiner Ebene fur bei- 
de Enden der MaBeintragung an diesen Posi- 
tionen Eckpunkte existieren; 
im positiven Fall die Oberprufung, ob der zwei- ss 
te Eckpunkt in der Ebene der MaBeintragung 
liegt (117), und, wenn das der Fall ist, die 
Eintragung einer MaBhilfslinie von dem betref- 



fenden aquivalenten Eckpunkt aus (1 1 8) sowie 
anschlieBend die Eintragung einer MaBhilfsli- 
nie, die vom ersten Eckpunkt ausgeht, und 
einer MaBlinie mit MaBpfeilen und Text zwi- 
schen den MaBhilfslinien (120), bzw. anderen- 
falls die Eintragung einer gebrochenen MaB- 
hilfslinie von dem zweiten Eckpunkt aus (119) 
sowie anschlieBend die Eintragung einer MaB- 
hilfslinie, die vom ersten Eckpunkt ausgeht, 
und einer MaBlinie mit MaBpfeilen und Text 

(120) zwischen den MaBhilfslinien. 

6. Das computerunterstutzte Entwurfsverfahren 
gemaB Anspruch 3, das dann, wenn der zweite 
Eckpunkt nicht in der betreffenden Ebene liegt 
und wenn festgelegt wird, daB die MaBeintra- 
gung fur eine Zeichnung und nicht fur das 
Modell erzeugt wird, bei MaBeintragungen, die 
keine BasismaBeintragungen sind, zusatzlich 
folgende Schritte umfaflt: 

Ermittlung der Ebene, die durch den ersten 
Eckpunkt geht und senkrecht zu dem Einheits- 
vektor w stent, und Oberprufung, ob das ande- 
re Ende der MaBeintragung zu einem aquiva- 
lenten Eckpunkt verschoben werden kann; 
Ermittlung der Ebene, die durch den zweiten 
Eckpunkt geht und senkrecht zu dem Einheits- 
vektor w stent, und Oberprufung, ob das ande- 
re Ende der MaBeintragung zu einem aquiva- 
lenten Eckpunkt verschoben werden kann; 
fur jede zu dem Einheitsvektor w senkrechte 
Ebene die Oberprufung, ob Eckpunkte fur bei- 
de Enden der MaBeintragung existieren, und 
die Auswahl einer Ebene, die dieses Kriterium 
erfullt; 

die Oberprufung, ob die aquivalenten Eckpunk- 
te in der Ebene der MaBeintragung liegen und, 
wenn das der Fall ist, die Eintragung von MaB- 
hilfslinien von den betreffenden aquivalenten 
Eckpunkten aus sowie anschlieBend die Eintra- 
gung einer MaBlinie mit MaBpfeilen und Text 
zwischen den MaBhilfslinien, bzw. anderenfalls 
die Eintragung gebrochener MaBhilfslinien von 
den Eckpunkten aus sowie anschlieBend die 
Eintragung einer MaBlinie mit MaBpfeilen und 
text zwischen den Mafihilfslinien. 

7. Computerunterstutztes Entwurfsverfahren ge- 
maB Anspruch 2, das fur nichtlineare MaBein- 
tragungen auBerdem folgende Schritte umfaBt: 
Oberprufung, ob die MaBeintragung sich auf 
einen Winkel Oder eine gebogene Linie bezieht 

(121) , und positivenfails die Projektion der zu 
bemafienden Kanten auf eine Ebene des loka- 
len Koordinatensystems (122); 

Ermittlung eines Punktes, in dem eine Verlan- 
gerung der ersten zu bemafienden Xante einen 
Zy tinder schneidet, dessen Achse senkrecht zu 
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der besagten Ebene steht (123); 
Eintragung einer ersten Maflhilfslinie, die paral- 
lel zu der ersten zu bemaBenden Kante ist, 
und Eintragung einer MaBlinie mit MaBpfeilen 
und Mafltext in der Ebene der MaBeintragung s 
(124); 

Uberprufung, ob der Schnittpunkt einer Verlan- 
gerung der zweiten zu bemaBenden Linie mit 
dem Zylinder in der Ebene der MaBeintragung 
liegt (125), und, wenn das der Fall ist, Eintra- io 
gung einer zweiten MaBhilfslinie parallel zu der 
zweiten zu bemaBenden Kante (126), bzw. an- 
derenfalls Eintragung einer zweiten MaBhiffsli- 
nie parallel zu der zweiten Kante, die jedoch in 
der Mitte zwischen dem MaBpfeil und dem 75 
Eckpunkt senkrecht zu der Ebene des lokalen 
Koordinatensystems gebrochen ist (1 27). 

Revendications 

20 

1. Proceed de dessin assiste par ordinateur pour 
ajouter des parametres de cotation et de tole- 
rance a la representation d'un objet tridimen- 
sionnel modelse* dans un ordinateur, ledit pro- 
cede etant caracterise en ce que !es dits para- 25 
metres de cotation et de tolerance sont ajoutes 

a un modele solide tridimensionnel de I'objet, 
les modifications apportees sur le modele tridi- 
mensionnel etant reflexes dans les informa- 
tions de cotation et de tolerance annex^es 30 
automatiquement aux representations bidimen- 
sionnelles de I'objet fournies par le systeme, et 
comprenant les Stapes consistant a : 
obtenir (112) deux parametres specifies par 
I'utilisateur, dont le premier, associe* a un sys- 35 
teme de coordonnees specific localement, de- 
termine (113) le plan d'une cote, les dits para- 
metres etant un sommet, une arete, un arc ou 
un cercle; et, 

si le second des dits parametres est dans le 40 
plan de ladite cote, tracer (118) une ligne de 
prolongement partant du dit second parametre 
dans ledit plan, puis tracer (120) une ligne de 
prolongement partant du dit premier parame- 
tre, une ligne-cote fiechee et un texte de cota- 45 
tion dans ledit plan entre les dites lignes de 
prolongement; mais, 

si le second parametre n'est pas dans ledit 
plan, tracer (119) une ligne de prolongement 
coudee partant du dit second parametre, puis 50 
tracer (1 20) une ligne de prolongement partant 
du dit premier parametre, une ligne-cote fie- 
chee et un texte de cotation dans le plan entre 
les dites lignes de prolongement. 

55 

2. Procede selon la revendication 1, dans lequel 
les deux parametres specifies par I'utilisateur 
sont deux sommets specifies par I'utilisateur. 



3. Procede de dessin assiste par ordinateur selon 
la revendication 2, dans le cas ou ledit second 
sommet n'est pas dans ledit plan, et ou il est 
determine que la cote est creee pour un des- 
sin, par opposition au modele, comprenant de 
plus, pour les cotations a parti r de zero, les 
etapes consistant a : 

trouver le plan traversant le premier sommet 
des dits deux sommets et etant perpendiculai- 
re a un vecteur unite, w, et determiner si 
I'autre extremite de la cote peut §tre deplacee 
vers un sommet equivalent sur ce plan; et, 
si tel est le cas, determiner (117) si le sommet 
equivalents est dans le plan de la cote et si 
oui, tracer (118) une ligne de prolongement 
partant du dit sommet equivalent, puis tracer 
(120) une ligne de prolongement partant du dit 
premier sommet, une ligne-cote fiechee et un 
texte de cotation dans ledit plan entre les dites 
lignes de prolongement, sinon, tracer (119) 
une ligne de prolongement coudee partant du 
dit second parametre, puis tracer (120) une 
ligne de prolongement partant du dit premier 
parametre, une ligne-cote fiechee et un texte 
de cotation entre les dites lignes de prolonge- 
ment. 

4. Procede de dessin assiste par ordinateur selon 
la revendication 3, dans le cas ou ledit second 
sommet n'est pas dans ledit plan, et ou it est 
determine que la cote est creee pour un des- 
sin, par opposition au modele, comprenant de 
plus, pour les cotations non-a partir de zero, 
les etapes consistant a : 

determiner si les dits sommets se projettent 
parallelement au dit vecteur unite, w, sur les 
autres sommets equivalents dans le modele; et 
determiner s'il existe des sommets equivalents 
pour les deux extre mites de la cote dans ces 
positions sur le me me plan perpendiculaire a 
w; et, 

si tel est le cas, determiner (117) si le second 
sommet est dans le plan de la cote et, si oui. 
tracer (118) une ligne de prolongement partant 
du dit sommet equivalent, puis tracer (120) 
une ligne de prolongement partant du dit pre- 
mier sommet, une ligne-cote fiechee et un 
texte de cotation entre les dites lignes de 
prolongement sinon, tracer (119) une ligne de 
prolongement coudee partant du dit second 
sommet, puis tracer (120) une ligne de prolon- 
gement partant du dit premier sommet, une 
ligne-cote fiechee et un texte de cotation entre 
les dites lignes de prolongement 

5. Procede de dessin assiste par ordinateur selon 
la revendication 3, dans le cas ou ledit second 
sommet n'est pas dans ledit plan, et ou il est 
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determine que la cote est cnSee pour un des- 
sin, par opposition au modele, comprenant de 
plus, pour les cotations non-a partir de zero, 
les etapes consistant a : 

projeter les dits sommets sur d'autres plans 5 
perpendiculaires au dit vecteur unite, w, et 
determiner si des dits sommets existent pour 
les deux extremes de la cote sur ces posi- 
tions dans Tun des plans; et, 
si tel est le cas. determiner (117) si le second io 
sommet est dans le plan de la cote et, si oui, 
tracer (118) une ligne de prolongement partant 
du dit sommet Equivalent, puis tracer (120) 
une ligne de prolongement partant du dit pre- 
mier sommet, une ligne-cote fl6ch6e et un 75 
texte de cotation entre les dites lignes de 
prolongement, sinon, tracer (119) une ligne de 
prolongement coud£e partant du dit second 
sommet, puis tracer (120) une ligne de prolon- 
gement partant du dit premier sommet, une 20 
ligne-cote fl£ch£e et un texte de cotation entre 
les dites lignes de prolongement 

Proc6de* de dessin assiste par ordinateur selon 
la revendication 3, dans le cas ou (edit second 25 
sommet n'est pas dans ledit plan, et ou il est 
determine* que la cote est cre*6e pour un des- 
sin, par opposition au modele, comprenant de 
plus, pour les cotations non-a partir de zero, 
les Stapes consistant a : 30 
trouver le plan traversant le premier sommet et 
perpendiculaire au dit vecteur unite, w, et de- 
terminer si I'autre extern ite de la cote peur 
etre deplacee vers un sommet equivalent; 
trouver le plan traversant le deuxieme sommet 35 
et perpendiculaire au dit vecteur unite, w, et 
determiner si i'autre extremite de la cote peut 
§tre deplacee vers un sommet equivalent; 
pour chaque perpendiculaire au dit vecteur 
unite, w, determiner s'il existe des sommets 40 
pour les deux extremes de la cote et seiec- 
tionner Tun des plans satisfaisant ce critere; 
determiner si les sommets equivalents sont 
dans le plan de la cote et, si oui, tracer des 
lignes de prolongement partant des dits som- 45 
met equivalent, puis tracer une ligne-cote fie- 
chee et un texte de cotation entre les dites 
lignes de prolongement, sinon, tracer des li- 
gnes de prolongement coudees partant des 
dits sommets, puis tracer une ligne-cote fie- 50 
chee et un texte de cotation entre les dites 
lignes de prolongement. 

Procede de dessin assiste par ordinateur selon 
la revendication 3 pour les cotes non-lineaires 55 
comprenant les etapes consistant a : 
determiner (121) si la cote est une cote angu- 
laire ou courbe et, si c'est le cas, projeter 



(122) les aretes a coter sur un plan du syste- 
me de coordonnees local; 
trouver (123) un point sur lequel un prolonge- 
ment d'une premiere arete cotee entrecoupe 
un cylindre dont Paxe est perpendiculaire au 
dit plan; 

tracer (124) une premiere ligne de prolonge- 
ment parallels a ladite premiere arete cotee, et 
tracer une ligne-cote fiechee et un texte de 
cotation dans le plan-cote; 
determiner (125) si Intersection d'un prolon- 
gement de la seconde ligne-cote et du cylindre 
est dans le plan-cote et, si oui, tracer (126) 
une seconde ligne-cote parallels a la seconde 
arete a coter, sinon, tracer (127) un seconde 
ligne-cote parallele a ladite seconde ar§te mais 
avec un coude perpendiculaire au dit plan du 
dit systeme de coordonnees local a mi-chemin 
des extremites fiechees de la ligne, pres du 
sommet 
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•125 

IS INTER- S 
'SECTION OF EXTENSA 
.OF 2ND DIM. LINE AND 
CYLINDER IN DIM. 
PLANE 
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YES 



BUILD SECOND EXTENSION 
UNE PARALLEL TO 
SECOND EDGE 



M7 



BUILD SECOND EXTENSION 

LINE PARALLEL TO 
SECOND EDGE WITH BREAK 
PARALLEL TO w HALF WAY 
BETWEEN ARROW END OF 
LINE NEAR VERTEX 



■ EXIT - 

FIG. iOB 
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FIG. HA 
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GO THROUGH 




VERTICES 




OF MODEL 






YES 
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/ 






GO THROUGH 




EDGES 




OF MODEL 




FIG. MB 



YES 


YES 




BROKEN EXTENSION 


^153 




LINE REQUIRED 





EXIT 
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B 



134 



REREFERENCE SECOND END OF 
DIMENSION SO BROKEN 
EXTENSION UNE IS NOT 
REQUIRED 



EXIT 



C 

148 

!! C_ 

REREFERENCE FIRST END 
OF DIMENSION 



151 



D 



2l 



REREFERENCE BOTH ENDS 
OF DIMENSION 



149 



T 



BROKEN EXTENSION UNE 
IS NOT REQUIRED 



EXIT 



FIG. 11C 
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160 



CALCULATE VALUES OF m 
FOR VERTICES A AND B 



161 



162- 



IS THERE 
A (ANOTHER) PLANE* 
J3 IN THE MODEL. 
.W. 

I YES 



PROJECT A ONTO Q 
TO PRODUCE J 



164 




PROJECT B ONTO Q 
TO PRODUCE H 



165 



166 




REFERENCE A TO J 
AND B TO H 



EXIT 



FIG. 13 
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FIG. 14 
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